The study was conducted on a child's mummy aged 6 to 8 years, with a damaged skull. It was found in Dahshur, Egypt. 10 
Introduction
It's known that dry environmental conditions are the key factors for long lasting preservation of ancient Egyptian mummies, the combination of evisceration, desiccation with powdered natron and hot, liquid resin were believed to discourage microbial growth and prevent re-hydration as initiated during the old kingdom [1] [2] [3] [4] [5] [6] . However, low moisture content and high salt concentrations, with the existence of other organic materials, are probably the cause of severe fungal colonization on the mummies in the storage conditions in the "burial chamber". Otherwise, the environmental conditions prior to the excavation of the mummy, i.e., water flooding of the burial site, could have caused deterioration. Poor display or storage conditions after digging could be blamed for the deterioration. High relative humidity, inadequate air circulation, and darkness provide an ideal environment for fungal growth. Unsuitable environmental conditions can be very destructive for skin tissues, the resin content in the mummy and the linen wrappings [7] [8] [9] [10] . Fungi can cause deterioration because of their enzymatic activities and their ability to grow and deform textiles, leather, and other materials [11] . These activities are commonly found in indoor environments on some archaeological organic materials, as skin and fabrics in the form of spread scattered spots of mycelial growth [12] . Halo tolerant and halophilic fungi have been known to cause degradation of materials stored at high condensation of salt or sugar (they grew well on substrates with NaCl or glucose in their growth media [13] [14] [15] [16] [17] [18] . These fungi exhibited potential resistance to high temperature and high salt concentration [19, 20] . Media modified by supplementing NaCl was determined even in dry environment. Penicillium species grew on meat at 37.83% RH and salt concentration 5.07%
[21], while water activity was 0.89 [22] .
Xerophilic fungi such as, Eurotium rubrum, E. repens, Wallemia sebi, A. penicillioides, and P. roqueforti grew faster under acidic conditions than neutral pH conditions and at temperatures; 25, 30 and 37 o C [23] . Specialized microorganisms wellknown for their cellulolytic and proteolytic appeared on textiles and skin. These specialized fungi are menacing the preservation of the mummies [24, 25] . P. chrysogenum was also found on aromatic compounds in high salinity [26] . Fungi require certain essential nutrients for growth; these nutrients comprise water, nitrogen, vitamins, and minerals [27, 28] . Meat is a major source of protein, fats and vitamins [29] . Historical textile materials when exposed to high humidity can easily decay due to their chemical composition, such as cellulose [30] . Cellulolytic fungi can feed by mycelial penetration into cellulosic material, leading to the loss of fiber strength [31, 32] . Some fungal contamination can take place at low temperature and relative humidity. This occurred in two fungal species, P. chrysogenum and C. cladosporioides [33, 34] . Contamination was usually characterized by white spots of mycelium, measuring 0.5-1.0 cm in length on both leather and textiles [35] . versicolor were isolated from gelatin, cellulose, tributyrin, and oils [40] . Therefore, they can be considered as an extremely important factor of the deterioration of mummies. Xerophilic fungus can also grow on leather or fabric bindings [12] . Some Xerophiles and halophilic fungi can help in the degradation of the mummy, because of its ability to grow on dry meat with high level of salinity. In addition, it can grow in closed areas. Thus, fungi have been isolated from the linen wrappings touching mummy skin. This case was isolated to help in the identification of fungal degradation of the child's mummy by ITS sequencing.
Materials and Methods

Sampling
The child's mummy in the wooden sarcophagus from Dahshur in Giza, Egypt was selected for this study. Remarkable linen wrappings covered the mummy, while resin was used to coat the fibers. Samples for the study were taken from seriously deteriorated areas (from the wrapping section in contact with the mummy skin). Four samples were taken from the mummy's linen fragments showing signs of deterioration, fig. (1) . Samples codes were byn1, byn2, byn3 and bny4. The samples were then stored at 4°C. 
EDX-SEM and XRD analysis
EDX analysis unit accompanied by scanning electron microscopy model-a FEI Quanta 200 SEM FEG was used to study the textile wrappings of the mummy and colonization of linen surface by microorganisms. Furthermore, the band positions of crystalline and amorphous regions of cellulose forms of deteriorated and standard linen samples were measured by using Philips Analytical X-Ray B.V.; while the crystallinity index (CI) was calculated according to a pro-posed method [41] .
Identification of fungi by ITS sequencing Isolating from the mummy
Isolating fungi from the wrappings were directly performed in vitro after swabbing. The fungi were isolated by gentle rubbing with swabs on different culture media. The media comprised the following: 1) M40Y; 2) potato-dextrose agar (PDA with 5% NaCl). Petri dishes were incubated at 25±2 o C for five days. Identification of the isolated fungi was done on the bases of PCR and ITS [42, 43] . The PCR products of ITS 5.8S and D1/D2 28S rRNA domains were directly sequenced in a Hitachi 2120 Genetic Anal-yzer (Applied Biosystems GenBank in Japan).
Colonization test
The linen samples were cut into (20×20 mm) using a scalpel. Then they were saturated by liquid media which was maintained on Malt extract agar (MEA) with 5% NaCl [44] .Then the saturated linen was placed on the glass slide in a sterilized Petri dish. Spores suspensions from C. cladosporioides, P. chrysogenum and A. flavus grown in monitored environment by MEA with 5% salt were used to inoculate the linen. Linen fibers were investigated before and after infection. The pathogenic test was under taken after three months' period. The colonization patters were done using SEM-EDAX analysis [45, 46] .
Results
EDX-SEM and XRD results
According to EDX micro-analysis, the linen was affected by fungi, where, C percentage was (22.97%), the Ca (0.21%), the Fe (0.05%) the N content found in wrapping linen (3.12%), and the Si (0.13%), while minor elements, S (0.36%), and trace elements are Cu (0.05%) Zn (0.06%) were also found in the wrapped linen. Na content (1.16%) and Cl 0.43%) tab. (1), fig. (2-a) which indicate NaCl being used in the mummification process. The results give important evidence for Egyptologists about the utilizing of sodium chloride salt in the method of embalming. In addition it could be toned through XRD pattern, fig. (2-b) that the salt disfigured a portion of the linen and indicated the existence of NaCl (100%). SEM examination indicated that the textile wrappings of the mummy are likely made of flax. The textile sample composed only of brown fiber threads in an open plain weave, fig. (3-a,b,c,d ). This shows that those nodes with flax fibers and their distinctive "bamboo-like" shape, which appeared under the scanning electron microscope, identified the textile as linen, (biod-egraded linen in a burial soil). 
Colonization test results
Infected linen saturated by liquid media on Malt extract agar (MEA) with 5% NaCl by fungi (C. cladosporioides, P. chrysogenum and A. flavus) was incubated for three months. Most of the compounds of the mummy provide fungi with the major components needed for their growth. The infected wrapping was examined by SEM for mycelia growth as shown in the SEM image (5-a). The control sample of linen saturated by (MEA) and 5% NaCl and without infection by fungi is shown in fig. (5-b) . C. cladosporioides scan grow on linen surface, within the fibers and separate the fibers. C. cladosporioides was considered to be xerophilic, which can grow on MEA added to the linen and salt causing a considerable increase in hyphal production and spores. Salt crystals were observed in the hyphae and conidial production shown by SEM fig. (5-c,d ) SEM micrographs show the morphology of P. chrysogenum (GenBank access No. LC325162), fig. (5-e,f) . The round structures seen here are conidia. Each chain of conidia grows on a specialized hypha known as a conidiophore and the hyphal tips were smooth and chained. The halotolerance of P. chrysogenum has grown on 5% NaCl concentration. The hyphae is filled with salt crystals, fig. (5-e,f) as a result of the application of wrapping, a significant increase in hyphal production and spores occurred. So color changed into dark green. P. chrysogenum can grown the mummy and its degradation results in the availability of dry meat, salt and aromatic compounds. Growth was clearly shown by SEM, fig. (5-e,f) . SEM appearance of A. flavus LC325160 conidial head and round-shaped vesicles with yellow to brown mold colonies. A. flavus application on linen with salt caused a significant increase in the production of hyphae and spores on the linen tested, in addition to changing the color of the linen to black green. However, these observations indicate that the conidial production of the A. flavus might increase on linen, the salt crystals appeared in the conidiophores. Salt crystals were clearly shown in SEM fig. (5-g,h) . of the irregular nodes [47] . Microorganisms are responsible for the biodeterioration of fibers (as SEM clarified) [48] . Microorganism decay is one of the most important factors of deterioration of linen materials; natural fibers have a high content of cellulose, a nutrient for most of microorganisms considered the most serious for fiber. The mummy's susceptibility to deterioration depends on chemical composition of mummification materials (salt, linen, oil and resin) [11] , as well the environmental factors like humidity, pH, light and temperature [33, 34] . The deterioration in the cavity of the fiber caused by fungi also showing increased damage of fiber and swelling. The linen fiber contained a coarse material, proving the deterioration of the linen, also spore and hyphae growing within fig.  (3) , so the occurrence of cavity holes and cracks in fiber caused by the fungi and hyphae inside the fibers, while the resin can be observed as a layer too [31, 32, 49, 50] . The author specified a new genomic aim sequence existing in the single copy gene for tRNA nucleotidy transferase directly to the requirements for a ubiquitous, yet highly specific DNA marker [51] [52] [53] . Some fungal contamination can take place even at low temperature and moisture. This was true in the condition of two fungal species, P. chrysogenum and C. cladosporioides [33, 34] . P. chrysogenum growth on aromatic compounds in high salinity was evident [26] . Identified fungi isolated from soil salt marshes in Egypt. The most recurrent fungi were Aspergillus sp., Cladosporium sp. and Penicillium sp. [54] P. chrysogenum was isolated from a burial chamber in Upper Egypt the strains grown in a least salts in vitro [55] . Cladosporium spp., isolated from surface of dry-cured meat products [37] . The C. cladosporioides halophilic and halo-tolerant can grow on the salt and can be characterized by their nearly spherical shape [56] . The monitoring suggests that the conidial production of P. chrysogenum may increase at high salinity with growth, being more active as salt concentration rise [57] . Halotolerant fungal P. chrysogenum isolated from the salty-water can grow in 15% NaCl [58] , and in this case growing on dry-cured meat [37, 22] . P. chrysogenumwas was able to degrade aromatic compounds in high salinity [26] . The conidiophores of Aspergillus sp are variable in length [59] . The Aspergillus sp. can grow on salt crystals, where the growth increase with salt concentration rise [58] . P. chrysogenum and C. cladosporioides were important protein and lipid activities [60] .
Conclusion
Mummies 
